Abstract The organic ligand 4,4 0 -diisopropoxyester-2,2 0 -bipyridine, C 18 H 20 N 2 O 4 (1), crystallizes in the triclinic crystal system P-1 and the molecule occupies a special position in the unit cell. In the crystal, molecules form stacks with partial overlapping of the pyridine rings. The Pt(II) dichloro complex of 1 crystallizes from a mixture of ethanol/hexane and from dichloromethane to form orange and yellow crystals, respectively. The orange non-solvated crystals of the (bipyridine)(dichloro)platinum(II) complex C 18 H 20 N 2 O 4 PtCl 2 (2) crystallize in the triclinic crystal system P-1 as well with two independent molecules in the unit cell. In the crystal packing, molecules form two types of dimers with Pt1ÁÁÁPt1A and Pt2ÁÁÁPt2A distances of 3.478 and 5.186 Å , respectively. The yellow crystals, as a solvated pseudo-polymorph C 18 H 20 N 2 O 4 PtCl 2 Á1.5 CH 2 Cl 2 (3) also crystallize in the triclinic crystal system P-1 with two independent molecules in the unit cell. In the crystal packing, molecules form Pt2ÁÁÁPt1ÁÁÁPt1AÁÁÁPt2A intermolecular contacts with alternating distances 3.501 and 3.431 Å , respectively, forming infinite chains. Graphical Abstract The dichloro(bipyridine)platinum complex, dichloro(4,4 0 -diisopropoxyester-2,2 0 -bipyridine)-platinum(II), forms single crystals as a stable non-solvated form and a solvated polymorph with dramatically different supramolecular structure and short contacts.
Introduction
Platinum(II) diimine (e.g., 2,2 0 -bipyridine) species incorporated in mixed ligand complexes with electron rich donors (e.g., dithiolates) have been in the arena spotlight of scientific interest for many years. Due to the marked effect the morphology of these complexes has on their lowest energy electronic transitions, they are interesting subjects of study for photonic applications. Interactions of the monomer with its nearest neighbors in the crystal structure alter both absorption and emission characteristics of these systems [1] . The nature of this low energy absorption characterized as a charge transfer to the diimine makes these systems attractive for use as chromophores in molecular assemblies for photo-induced charge separation in dye sensitized solar cells [2] [3] [4] or, more recently by our research team, small-molecule organic photoltaics (OPVs) [5] . The excited state of many of these systems has been extensively studied as a result [2] [3] [4] [5] [6] [7] . Although the photophysical properties for many systems are reported, crystallographic studies remain starkly underrepresented versus the number of synthesized complexes. The work herein represents an ongoing effort in the Omary group and collaborators thereof to address this deficiency [4, 5, 7, 8] .
One of the limitations of the Pt(2,2 0 -bipyridine) type complexes that partially hampers their extensive crystallographic investigation is their generally poor solubility in organic solvents [8, 9, 11] . The inspiration for the synthesis of the systems found within this work has been an effort to circumvent this limitation by attaching ester substituents to the aromatic bipyridine ligand. Such efforts were successful in improving solubility in most organic solvents by several orders of magnitude [8] [9] [10] [11] [12] . Here we report the crystal structures for the systems containing the isopropoxyester substituent coordinated with platinum and as a free ligand.
The close crystal packing found within the crystal structure of (2) and (3) is also of interest because the interplanar distances are within the range that should allow intermolecular charge-transfer to take place [13] . Should these electronic transitions occur due to the proximity of the neighboring molecules, the emergence of new absorption bands may be seen as a color change between crystalline solids and dilute solutions. Nuclear magnetic resonance studies could also be complicated by proton coupling between neighboring molecules in concentrated solutions if the close association persists with the formation of oligomers. However, some of these characteristics may be desirable for use in solid state and liquid crystal photoactive devices [12] , depending on the application.
Experimental Methods
Compound (1) and its Pt(II) products were synthesized and purified according to published procedures, [12] and [14] , respectively, with slight modifications Scheme 1.
Synthesis of 4,4
0 -Diisopropoxyester-2,2 0 -bi-pyridine (1)
4,4
0 -Dicarboxy-2,2 0 -bipyridine was dissolved in 20 mL of thionyl chloride and refluxed in an inert atmosphere for 2 h. The yellow solution was reduced to dryness under gentle heating (50°C) and vacuum. The matte yellow solid was dried using these conditions for 24 h.
A 30 mL toluene and 2-propanol (2 mol. equiv.) solution was prepared in a separate flask containing an argon environment using degassed and dried solvent. This solution was cannulated into the flask containing the acyl chloride under vacuum. An inert atmosphere was reintroduced to the reaction flask and the mixture was refluxed for 5 h then cooled to room temperature. The faint pink solution was added to 30 mL of chloroform and washed with a saturated solution of sodium bicarbonate. The organic layer was then washed with a saturated solution of sodium chloride, dried with sodium sulfate, and filtered. The solution volume was evaporated using only reduced pressure at room temperature. The white powder was then recrystallized in pyridine and methanol for use in subsequent synthetic procedures and for single crystal analysis. 
Synthesis of Dichloro
K 2 PtCl 4 was dissolved in deionized water and heated to 60°C and (1) (an equimolar amount) was dissolved in acetone at 60°C. The two solutions were mixed and refluxed for 8 h at 60-70°C. The yellow-orange water insoluble product was collected on a filter and washed with diethyl ether then hexanes to remove unreacted ligand. The product was then dissolved in dry and degassed dichloromethane and any insoluble material was removed by filtration. The solution was deep red to pale yellow depending on the concentration of the solution from high to low, respectively. A yellow-red compound (2) was collected from the slow evaporation of layered ethanol/hexanes or a yellow compound (3) from dichloromethane. Microanalysis for the purified but uncrystallised source of (2) and (3) Crystals of the ligand (1) were grown from methanol solution by slow evaporation over several days. The Pt product of the reaction was crystallized using different solvents: mixture of ethanol/hexane and from dichloromethane. In the former, the orange crystals (2) were stable at room temperature; however, in the latter case the yellow crystals (3) contained solvent and were very unstable under such conditions.
Structural Determination and Refinement
X-ray data were collected on a Bruker SMART APEX2 CCD-based X-ray diffractometer equipped with an Oxford low-temperature cryostat and Mo-target X-ray tube (wavelength = 0.71073 Å ). All X-ray data were collected at 100(2) K. Data collection, indexing, and initial cell refinements were carried out using APEX2 [15] , with the frame integrations and final cell refinements carried out using SAINT [16] . An absorption correction was applied using the program SADABS [17] , and all non-hydrogen atoms were refined anisotropically. The structures were examined using the Addsym subroutine of PLATON, in order to ensure that no additional symmetry could be applied to the final model [18] . All structures were solved and refined using the SHELXTL program package software [19] . In all three title structures, the H atoms attached to C atoms were placed in idealized positions (C-H = 0.95-1.00 Å ) and allowed to ride on their parent atoms. Their positions were constrained so that U iso (H) were equal to 1.2 and 1.5Ueq of their respective parent atoms. In (2) the largest residual electron density was located close to (less than 0.8 Å from) Pt atom and was most likely due to imperfect absorption corrections frequently encountered in heavy-metal atom structures. In (3), one of the CH 2 Cl 2 molecules occupies a special position in the unit cell and the CH 2 group is disordered over two positions. In that complex, the largest residual electron density was located close to (less than 0.3 Å from) Cl atom of the solvent molecule. In the discussed experiment, low-angle reflection 001, which had been attenuated by the beam stop, was omitted from the refinements. Crystal data, data collection and structure refinement details for the investigated compounds are summarized in Table 1. NMR spectra were collected on a Varian VNMRS 400 MHz spectrometer. The samples were prepared by dissolving the powdered sample in CDCl 3 and placing them in a 5 mm NMR tube (Wilmad). 1D 1 H spectra were acquired with 512 scans and 1.0 s relaxation delay. IR spectra were collected with a powdered sample on a Thermo Scientific Nicolet 6700 Spectrophotometer with a KBr filter and a resolution of 1 cm -1 .
Results and Discussion
The core fragment of the organic ligand (1) is flat, with the exception of the iso-propyl groups (Fig. 1) .
In the crystal, (1) is centrosymmetric and occupies a special position in the unit cell. The molecules in (1) crystallize in the triclinic crystal system P-1. The packing motif within the crystal structure of (1) is such that the molecules are partially overlapped by pyridine rings, forming shortened intermolecular C2ÁÁÁC4 contacts with distances of 3.349 Å that are \3.4 Å , the sum of their van der Waals radii [20] . Such interactions lead to the formation of infinite supramolecular stacks along the a axis (Fig. 2) . Overall, this system represents supramolecular pstacking interactions that are prevalent in aromatic organic molecules. We have not attained alternative crystallographic isomers or polymorphs for compound (1) .
The orange unsolvated crystals (2) of the platinum complex crystallize in the triclinic crystal system P-1, as in the free organic ligand, with two independent molecules (A and B) in the unit cell. Molecules A and B are almost orthogonal to each other (a dihedral angle between their flat parts is 84.03(3)°), each having a slightly different geometry (Fig. 3) . Such a complementary and mutual orientation leads to the formation of a short intermolecular Cl1ÁÁÁC19 contact (3.366 Å ) that is less than the sum of their van der Waals radii [20] . Hence, the first supramolecular interaction type in (2) manifested here is the halogen-p interaction given that C19 is part of an aromatic moiety (pyridine).
In the crystal packing of (2), molecules form dimers AÁÁÁA and BÁÁÁB with Pt1ÁÁÁPt1A distances 3.478 Å , whereas the BÁÁÁB pairs exhibit Pt2/2BÁÁÁP2A/2C distances of 5.186 Å (Fig. 4) . These contacts manifest weak metallophilic (platinophilic in particular) pairwise interactions as the second type of supramolecular interactions in (2). In addition to platinum atom contacts, weak intermolecular C-HÁÁÁO hydrogen bonds link molecules A and B with almost orthogonal orientation as dimers ( Fig. 5 ; Table 2 ). Thus, hydrogen bonding is manifested as a yet third type of supramolecular interactions that, along with halogen-p and platinophilic interactions, cooperatively stabilize the crystallographic packing and supramolecular structure of molecules in the unsolvated orange crystals of compound (2). Fig. 1 General view of the compound (1). Displacement ellipsoids are drawn at the 50 % probability level Fig. 2 Fragment of the crystal packing of the compound (1). Dashed lines represent the short intermolecular CÁÁÁC contacts, which manifest p-stacking interactions The yellow crystals (3) of the platinum complex also crystallize in the triclinic crystal system P-1 but with two independent volte-face molecules (they also have slightly different geometry) in the unit cell and 1.5 molecules of CH 2 Cl 2 (Fig. 6) . Thus, the structures (2) and (3) represent pseudo-polymorphs.
The presence of the solvent molecules completely changes the crystal packing of (3) from that in (2) . Indeed, the core molecules in (3) form Pt2ÁÁÁPt1ÁÁÁPt1AÁÁÁPt2A intermolecular contacts with alternating distances 3.501, 3.431, 3.501 Å , respectively, forming infinite chains along the b axis (Fig. 7) . The absence of halogen-p interactions in (3) allows the supramolecular platinophilic interactions to be stronger and more extended so as to be exhibited infinitely along the crystallographic b axis, in contrast to the pairwise weaker platinophilic interactions in (2) which were cooperative with halogen-p interactions.
At the same time, several weak C-HÁÁÁO and C-HÁÁÁCl hydrogen bonds link molecules (3) and solvents in the Fig. 3 A mutually orthogonal orientation of two independent molecules of the compound (2). The dashed line represents the short intermolecular Cl1ÁÁÁC19 contact, which manifests a halogen-p interaction Fig. 4 Fragment of the crystal packing of (2), showing two distinct mutual dimer orientation that manifest pairwise platinophilic interactions Fig. 6 The mutual volte-face orientation of the molecules A and B in (3). The dashed line represents the Pt1ÁÁÁPt2 contact (3.501 Å ) crystal within the ac plane, forming a network ( Fig. 8 ; Table 3 ). The instability of (3) at room temperature is attributed to this framework being disrupted as the low boiling solvent dichloromethane leaves the crystal through evaporation. All in all, the overall supramolecular interactions in (3), therefore, include extended-chain platinophilic interactions, H-bonding interactions between adjacent complex units, and host-guest interactions owing to solvent inclusion in vacant lattice sites devoid of complex units.
Additional Discussion and Concluding Remarks
Our structural elucidation of compound (2) and its solvated pseudo-polymorph (3) contributes two additional entries to the thin catalog of crystal structures for diimine complexes of platinum(II) compared to the large number of synthesized and spectroscopically characterized complexes. The bivious result of solvent-mediated crystallization reported here illustrates the complexity of obtaining suitable samples for single-crystal X-ray diffraction. The solvent system used in crystallization determines the resulting pseudopolymorph obtained. It would be prudent to speculate that the potential is there to obtain yet other polymorphs of the ambipolar Pt compound upon further alterations of solvent and crystal growth conditions Table 4 . The short intermolecular contacts C-H … Cl between the solvent and core Fig. 7 Fragment of the crystal packing of (3). Dashed lines represent Pt2ÁÁÁPt1ÁÁÁPt1AÁÁÁPt2A intermolecular contacts that manifest infinitechain platinophilic interactions Fig. 8 Fragment of the crystal packing of (3). Dashed lines represent PtÁÁÁPt short contacts and C-HÁÁÁCl hydrogen bonds with dichloromethane. These and the C-HÁÁÁO interactions (not shown), overall, manifest cooperative extended-chain platinophilic, H-bonding, and host-guest interactions to stabilize the supramolecular structure of the yellow solvated crystals of (3) Table 5 Selected bond lengths (Å ) and angles (°) for two independent molecules of (3). Atom numbering scheme corresponds to Fig. 6 molecule of (3) may be helpful in orienting the metalorganic compound so that infinite stacks would form rather than the orthogonal orientation of (2).
Comparison of the next-neighbor Pt … Pt distances and packing motifs of the different cooperative supramolecular interactions in (2) vs. (3) provide speculative structural insights in terms of how they affect the electronic structure and potential optoelectronic applications, which we shall investigate in detail with this work acting as a backdrop. Consistent with Gray et al. [13] , the presence of short interplanar platinophilic distances is conducive to intermolecular charge-transfer interactions to take place. The difference in Pt … Pt distances, platinophilic packing mode (pairwise vs. extended-chain), and cooperativity or lack thereof with other supramolecular interaction types will implicate the extent of intermolecular charge-transfer so as to identify the most culpable structural factors that affect the spectral red or blue shifts in the solid-state absorption or phosphorescence energies in (3) compared to (2) . On the one hand, the non-solvated yellow (2) polymorph has longer Pt … Pt distances than the analogous separation in the solvated orange (3) polymorph; that combined with the fact that the shorter platinophilic distances in (3) occur over a long range in extended infinite chains as opposed to pairwise interactions in (2) would favor red-shifted electronic transition energies in (3). On the other hand, the cooperativity of halogen-p interactions in (2) have a counter effect because that contributes to a greater degree of intermolecular overlap on a per-mole basis in a dimeric unit. The excitation process could dramatically alter the situation in the resulting excitons and may impart a semiconducting band structure behavior as opposed to a molecular picture of discrete orbitals, as we have shown in other experimental and computational investigations of similar d 8 [7, 21] or d 10 [22] [23] [24] systems that are susceptible to the same types of supramolecular interactions Table 5 . Solvent-mediated polymorphism is a strategy that could be used to obtain additional materials suitable for intermolecular charge transfers and guide future development of molecular electronic devices based on this family of complexes. 
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